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Toxicokinetics, Metabolism and Distribution of Isobutanol  
 
Isobutanol has been demonstrated to be metabolized to isobutyraldehyde and isobutyric acid in humans, 

rats, and rabbits, through the alcohol and aldehyde dehydrogenase enzyme system.  Much of the available 

data has been summarized in the OECD SIAR, 2004 from which robust summaries are attached 

(Appendix A).  

 

Human studies 

Rudell et al, 1983 measured levels of isobutanol, isobutyraldehyde and isobutyric acid in blood and urine 

from subjects who ingested isobutanol in an ethanol/water vehicle over two hours.  At the end of the 

consumption period blood concentrations of isobutanol, isobutyraldeyde and isobutyric acid were, 4, 4, 

and 17µmol/L whole blood respectively, demonstrating that isobutyric acid was the major metabolite.  

The 4µmol/L of isobutanol correlated with an oral dose of approximately 5mg/kg reported in previous 

studies.  The presence of ethanol in the test beverage altered the rate of isobutanol metabolism due to 

competition for metabolic enzymes but did not affect the metabolic process.  By 2 hour post-dose, 

isobutanol had decreased in the blood to 1µmol/L and no isobutanol was present at 9 hours.  

Isobutyraldehyde levels increased slightly by 2 hours post-dose and remained stable for 9 hours and 

isobutyric acid gradually decreased to 10µm/L at 9 hours post-dose.  Urine concentration time curves 

were constructed for isobutanol, isobutyraldehyde, isobutyric acid and its metabolites (proprionaldehyde, 

proprionic acid and succinic acid).  Urinary concentrations of isobutanol peaked at 1 hour post-dose, 

isobutyraldehyde at 8 hours, and isobutyric acid at the end of the 2 hour treatment period.  Urinary levels 

of proprionaldehyde followed those of isobutyraldehyde; levels of proprionic acid rose after the treatment 

period ended and plateaued between 2 and 8 hours and succinic acid followed the proprionic acid 

elimination curve. 

 

Bilzer et al., 1990, monitored blood concentration levels of isobutanol from 6 subjects (2 males, 4 

females) who ingested an 1875mg/L isobutanol/30% ethanol beverage constituting an approximate oral 

dose of 5 mg/kg isobutanol and 0.80g/kg ethanol over 30 minutes.  Blood concentration of isobutanol 

peaked 45 minutes after start of treatment and decreased over 240 minutes. The half-life of isobutanol in 

the presence of ethanol was 1.46 hours.  Peak serum levels of isobutanol were reported as approximately 

“6 mg/kg” [sic] and blood ethanol levels were approximately 1%.  No excreta were collected. 

 

Human in vitro studies 

A study by Ehrig et al., 1988, examined the role of human alcohol dehydrogenase (ADH) isozymes in the 

metabolism of isobutanol.  Human liver ADH isozymes Class I, II, III were prepared from tissue of 2 

healthy, suddenly deceased donors.  A single dose of 10µM isobutanol was administered with study 
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duration of 10 minutes.  Class I ADH kinetic rate constant (Km) was 33µM and a Vmax of 0.19 IU/mg 

protein for isobutanol resulting in activity of 0.14 IU/mg.  Class II ADH activity was much lower at 

0.0004 IU/mg and no Class III activity was detected.  Thus, Class I ADH isozyme is primarily 

responsible for oxidation of isobutanol in the human liver. 

 

Sinclair et al, 1990 used human hepatocytes (4 donors) as well as supernatants of rat liver and chick 

embryo to compare relative metabolic rate constants for ADH activity.  Human liver supernatant activity 

has Km = 0.04 - 0.11µM and Vmax = 0.68 – 0.86 µmol min-1 g wet wt-1   Rat liver values were Km = 

0.05µM and Vmax = 1.07 µmol min-1 g wet wt-1 and chick embryo values were Km = 0.22µM and Vmax 

= 0.29 µmol min-1 g wet wt-1. 

 

Wilkens and Stewart, 1987 measured metabolism of isobutanol (single exposure, 1nM) by ADH in 

homogenate of human skin samples.  ADH activity was 103.7nM/mg protein-minute. 

 

Animal studies 

Isobutanol metabolism was investigated in male and female Wistar rats by intraperitoneal injection, liver 

perfusion and in vitro rat liver supernatant (Hedlund and Kiessling, 1969) with test mixtures of 

isobutanol/ethanol.  The ratio between concentration of ethanol and isobutanol was 100:1 in liver 

homogenate experiments and approximately 10:1 in the in vivo experiment.  Intraperitoneal injection 

resulted in isobutanol levels in blood of 0.1mg/ml at 15 minutes post-dose with only a slight decrease 

over 7 hours.  Blood ethanol levels peaked at 0.7mg/ml and decreased over 5 hours to baseline.  Blood 

levels of isobutanol did not start to decline appreciably until ethanol levels decreased to 0.2mg/ml.  Thus 

metabolism of isobutanol in vivo appeared to be retarded by simultaneous oxidation of ethanol.  

However, rat liver perfusion results indicated isobutanol was metabolized at a rate of 0.06mM/gram liver 

during the first 30 minutes, more rapidly than ethanol and in vitro at a rate of 0.2mM/g rat liver 

homogenate in 30 minutes, also more rapidly than ethanol.  

 

Saito, 1975 administered a single 2ml/kg dose of isobutanol alone or 2ml/kg isobutanol followed by water 

containing 20% (v/v) isobutanol to anaesthetized rabbits.  Arterial blood levels of isobutanol in one group 

and excretion of isobutanol and metabolites in urine and expired air from a separate group of rabbits were 

monitored.  Isobutanol blood levels peaked at 1 hour post-dose to approx. 0.8mg/ml and decreased to near 

zero at 4 hours post-dose.  Very little isobutanol (0.5%) was excreted in urine or exhaled air.  Urinary 

levels of isobutyraldehyde = 0.12mg/ml and only trace amounts of isobutyric acid were present.  An 

unexplained level (1.6 mg/ml) of a substance co-eluting with isovaleric acid was found in the urine. 
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The only inhalation study available for isobutanol is a respiratory bioavailability study performed by Poet, 

2003.  A rat with an indwelling jugular catheter and fitted in a whole-body plethysmograph to measure 

ventilatory movements was placed in a gas-uptake chamber.  The chamber was charged with 2000ppm 

isobutanol and maintained for 2 hours.  Blood concentrations of isobutanol and isobutyric acid were 

measured over 90 minutes.  Isobutanol levels in whole blood increased up to 278µM at 15 minutes and 

declined over the remaining time to 155µM at 90 minutes.  Isobutyric acid levels increased up to 93µM at 

25 minutes and declined to 40µM by 60 minutes.   

 

Modeling of isobutanol (2-methyl-1-propanol) distribution between blood and tissues 

Beginning with published data on partition coefficients for a large number of volatile organic compounds 

(VOC) Abraham and colleagues (2005; 2006a, b) have developed equations to predict the distribution of 

VOC in air to blood and tissues using a linear free energy analysis method.  The K value is derived from 

concentration of compound in blood/concentration of compound in air.  The authors demonstrated that the 

log K values for air - blood partition and air - brain partition in humans and rats are sufficiently similar to 

be averaged for calculation purposes.  Reported log K values for isobutanol air to blood partition are 2.89 

(human) and 2.94 (rat); average 2.92 and for air – brain 2.61 (human) and 2.94 (rat), average 2.78.  Using 

the averaged values, the calculated log P blood-brain is - 0.14 for distribution between blood and brain 

(Abraham et al., 2005, 2006a).  Similarly, distribution coefficients (log P muscle) from blood to muscle can 

be calculated by combining log K muscle values with values for air and blood.  Log K values for air-muscle 

= 2.54 (human) and 2.93 (rat), average 2.74.  Using average values of log K air-muscle 2.74 and log K blood 

2.92, the log P blood-muscle can be calculated as – 0.18 for isobutanol (Abraham et al, 2006b).  Developing 

these modeling methods to analyze distribution of compounds between blood and tissues is valuable for 

understanding the potential toxic effects of VOC.  

 

These studies demonstrate that isobutanol is rapidly absorbed by oral and inhalation routes of exposure 

and is metabolized to isobutyraldehyde and isobutyric acid in animals and humans.  Isobutanol has been 

demonstrated to induce minimal toxicity in vivo. 
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